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Ul t rav io le t  Absorption Coefficients o f  C02, CO, 

Oar HzOI NzOI NH,, NO, SO2, and CH4 Between 

1850 and 4000 4 

Abstract 

The u l t r a v i o l e t  absorptton coef f ic ients  have been determined 

for CO,, CO, 02, S O ,  NoOI NH,, NO, SOp and Ck&, i n  the wavelength region 

between 1850 and 4000 A. By using a double beem instrument and a 10 cm 

path length, sens i t i v i t i es  of lom4 an"* were achievable i n  most cases, 

permit t ing a considerable extension of  the l i t e r a t u r e  data. 7-.ifo,c 

I ntroduc t t oq 

Ut t r av io le t  absorption coeff ic ients reported i n  the 1 i tereture 

f e l l ,  i n  general, i n t o  two categories; those determined a t  wavelengths 

below 1850 A end those determined a t  wavelengths above 2500 A. The 

intermediate region, between 1850 and 2500 A i s  of  great in terest  i n  

connection w i th  photochemical studies'of p l  anetery etmosphere4 since 

the high in tens i t ies  o f  the sol* red iet ton and the long path lengths 

, - - 

through the atmospheres may resul t  f n  s ign i f icant  mounts o f  photo- 

chemical reactions even where the absorption c m f f i d e n t  i s  very smell. 

The excel lent work of Watanabe. 2 el ikof f ,  and Inn (1953) covers t h i s  

wavelength range for many gasess but, i n  general, does not give valuer 

belaw 0.1 mot. For these reasons the absorption coefficients o f  8 

number of gases which are known to be either major or m i n w  constituents 

of various plenetary 
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Ex per i me n t: a 1. 

Description o f  Apparatus8 Absorption experjments were carr ied out using 

a Perkin-Elmer Model 350 absorption spectrophotometer. This i s  a double 

bean instrument covering the spectral region from about 1850 A t o  2.7 p. 

For these studies measurements were made between 1850 and 4000 A. Using 

a 10 an path length and a scale expansion of SO i t  was possible t o  measure 

absorption coeff icients as low as 10-4 cm-'. 

Pur i f i ca t ion  o f  Gasest 

N20, SO, and CH4. Research grade CO, was pur i f ied  from traces o f  a i r  

and water by f ract ional  d is t i l l a t ion ,  The research grade CO (assayed 

reagent) obtained from A i r  Reduction Co. was found t o  contain several 

hundred parts per mi l l ion  o f  i r o n  carbonyl even though supplied i n  a 

glass flask. This was removed by successive f re t i one l  d i s t i l l a t i o n s .  

Research grade NH, and SO2 were used d i r e c t l y  from cyl inders or lecture 

bo t t les  and the oxides of nitrogen were pur i f ied from any NO2 contamina- 

t i o n  by f ract ional  d i s t i l l a t i o n .  D i s t i l l e d  water was used fo r  the H20 

measurements. Research grade Ct& was pur i f ied from large amounts of 

CO? by f ract ional  d i s t i l l a t i o n .  

The gases studied were C02, COS 02, H20, NH,, NO, 

Results 

The resul ts  obtained for ell gases except CHI, are shown fn  

Figures 1 through 8 which show the absorption coeff icients as a function 

o f  wavelength. In each case the path length was 10 cm and the reference 

c e l l  was f i l l e d  with e i ther  Na or Ar. CO,, CO, C b ,  and 0, were measured 

a t  near atmospheric pressurer The H,O pressure was 20 m and the strongly 

sbsorbing gases NO, M,O, Nh, and SO, were measured a t  lower pressures. 

The pressures employed i n  each case are l i s t e d  i n  Table I .  For C b  no 



absorption could be detected, showing that the absorption coeff ic ient  

Is less than 10.4 cm‘* throughout the e n t i r e  range investigated. 

Discussion 

The resul ts  f o r  COP, CO, and O2 (see Figures 1, 2, and 3)  

are dtscussed i n  de ta i l  elsewhere (Harteck, Reeves, and Thompson, 1963). 

For COP f t  i s  found that absorption does occur On the wavelength region 

above 1750 corresponding t o  the spin-forbidden dissocfat ion i n t o  ground- 

state products. CO exhib i ts  absorption fn t h i s  region only weakly i n  

the narrow Cameron bands corresponding t o  the exci tet ton t o  the e3n 

level, The absorption coeff ic ient  of Oa i n  the wavelength region be- 

tween 2050 and 4000 A must be less then I O m 4  cm”’ since no absorption 

was observed i n  thSs region. 

b o  shows continuously decreasing absorptfon f o r  wavelengths 

longer than 1850 A. The present resu l ts  complement those of Watenabe 

-0 e t  a1 (1953) and extend them by over two orders o f  magnitude as shorn 

i n  Figure 4. S i m i l a r  remarks apply t o  the continuous absorption by N,O 

(Figure 5 ) .  

For NH,, NO, and SO, (Ffgures 6, 7, and 8) which show band 

structure rather than continuous absorption, the values obtaf ned for 

the absorption coef f ic ients  w i l l  vary w i t h  the instrumental resolut ion 

employed. Nevertheless reasonable agreement was found wr’th the resu l ts  

of Watanabe e t  al. (1953) for  NH, and NO and w i t h  those o f  Golomb, 

Watanabe, and Marmo (1962) for  SO2. The lack of absorption observed 

for CH, i s  i n  agreement with the resul ts  of Watanabe e t  a l t  (1953) since 

extrapolat ion o f  t h e i r  data fndicates that the absorption coef f ic ient  

should be below 10-4 cm-’ a t  these wavelengths. 
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Table I 

Ges 

COZ 

Gas Pressures Employed for Absorption 

Measurements 

Pressure, nun. 

700 

co 660 

720 

20 

326, 2050 - 4000 A 
6,  1850 0 2050 A 

7608 2250 4000 A 
IO08 2250 - 4000 A 

5, 1850 - 2150 A 
0.1, 1850 0 2150 A 

6* 

5 s  2000 - 4000 A 
0.259j1850 2200 A 

750 

* NO was measured a t  low pressures t o  avofd fnterferences 
from d i mer i L a t  i on. 
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L i s t  o f  Figures 

FIGURE 1 

FIGURE 2 

FIGURE 3 

FIBURE 4 

FIGURE 5 

FIGURE 6 

FIGURE 7 

FIGURE 8 

Absorption Coefffcient o f  COz As a Function of  Wavelength, 

Absorption Coeff icient o f  CO As B Function o f  Wavelength. 

Absorption Coefficient o f  0, As a Function o f  Wavelength. 

Absorption Coeff icient o f  H20 As a Functlon o f  Wavelenqth. 

Absorption Coeff icient o f  N20 As a Function of  Mavelength. 

Absorption Coeff icient o f  NH, As a Function o f  Wavelength. 

Abswptdon Coeff icient o f  NO As a Function o f  Wavelength, 

Absorption Coeff icient o f  S O p  As a Function o f  Wavelength. 
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